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Unlike the spherically expanding blast wave caused by the detonation of unconfined, bare 
high explosives, the blast resulting from the detonation of an anti-personnel blast mine bur-
ied in the soil is strongly directional and non-uniform. The confining soil prevents uniform 
expansion of the detonation products, which are preferentially vented upwards and entrain 
soil ejecta. This results in a conical multi-phase “jet,” the shape, associated blast pressure and 
jet velocity of which depend on many factors such as charge size and shape, charge casing, 
depth of burial, soil type and particle-size distribution, soil moisture, soil compaction, etc.1 
Therefore, the loading on a deminer accidentally exposed to the detonation of a mine buried 
in the ground should depend on the position of the body with respect to the blast cone. A 
“standard” test methodology using anthropomorphic mannequins was developed to evaluate 
upper-body protective equipment for deminers.2–4 As expected, small changes in body posi-
tion resulted in large differences in the loading of the Hybrid III mannequins used.4
The preliminary results of the current study were conducted by Defense R&D Canada-
Suffield, a research center that develops defensive countermeasures against the threat of 
chemical and biological weapons. Their findings have been published in “Effects of Body 
Position on Injury Risk Against AP Blast Mines.”5 The work is aimed at generating informa-
tion to further refine the test methodology. Toward that end, the effects of nose-to-charge 
standoff distance and body orientation with respect to the blast cone on the forces recorded 
on the unprotected kneeling mannequin for different explosive charges have been studied. 
Precise placement of a standard AP mine simulant, combined with the use of a standard test 
soil and precise positioning of the mannequin, ensured minimum variability in the results.
Experimental Setup
The mannequin-positioning rig used to hold the mannequin in an accurate position, 
which was mounted on a metal platform, consisted of a base and two vertical arms that can be 
tilted forward to support the mannequin in various positions. Chains anchored on the back 
of the mannequin are attached to a metal bar that runs across the two vertical posts of the 
positioning rig and rests on brackets in such a way that the mannequin can fall without being 
restrained by the rig when the blast is strong enough. A measurement fixture, consisting of 
a vertical column with a ruler and two sliders that can be moved along the vertical axis, was 
bolted to the platform for self-alignment. It allowed the mannequin and the explosive charge 
to be accurately positioned (the fixture created the charge hole in the sand).
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Injury criteria used in the automotive industry 
and/or blast community were used to estimate the 
severity of injury that would result for the different 
test scenarios. It was understood that these criteria 
may not provide meaningful injury predictions, 
since they were not developed based on mine-injury 
data. Nevertheless, they were used to rank scenarios 
from the least to most injurious, since they take into 
account the parameters (e.g., peak values, duration 
and integral under the curves, etc.) that relate to in-
jury, as well as their relative importance.
Neck injuries were evaluated using the Nij neck in-
jury criterion based on human cadaver, volunteer and 
animal data.9 The Nij can be related to various levels 
of injury severity defined by the standard 1985 SAE 
Abbreviated Injury Scale (AIS 0 being non-injurious, 
AIS 6 being lethal). The Nij criterion consists of a lin-
ear combination of neck forces and moments.
The head injury criterion, developed and used by 
the automotive industry to correlate the head accel-
eration experienced by crash victims to injury,9, 10 was 
used in combination with the curves of Prasad and 
Mertz11 to predict the probability of different injury 
severity levels defined by the AIS scale. For head in-
juries, this scale ranges from AIS 0 (no injury) to AIS 
6 (lethal injury), with various levels of unconscious-
ness (AIS 2 through AIS 5).
The ear is the part of the body most susceptible 
to blast overpressure injury. For the blast durations 
obtained in this test series, the threshold of eardrum 
perforation lies at a mere 0.35 bar, while an over-
pressure of 1 bar will yield 50-percent probability of 
eardrum perforation.12
Lastly, chest injuries resulting from the accelera-
tion measured on the spine were evaluated using the 
FMVSS 208 Standard, which specifies as acceptable 
any acceleration pulse of the spine that “shall not ex-
ceed 60 g’s13 except for intervals whose cumulative 
duration is not more than 3 milliseconds.”
Results and Discussion
Sample results of the neck injury analysis are pre-
sented in Figures 1 through 4. The points represent 
the mean values, while the bars indicate the range of 
the data. Body orientation was found to have an ef-
fect on injury probabilities (see Figure 1 for example) 
with the risk increasing when the head approached 
the center of the blast cone (i.e., A3 is more injurious 
than A2, which is more injurious than A1). The ef-
fect of body orientation was more pronounced against 
the 100-g charge than against the smaller 50-g charge 
for both mannequins. Similarly, the standoff distance 
was found to have a moderate effect against the larger 
charge, with the risks being greater when the standoff 
was shortest (see Figure 2 for an example).
Predicted neck injuries were slightly more severe 
when facing blasts from the 100-g charge compared 
to the 50-g charge, although the difference was usu-
ally not very great (see Figure 3 for example). It was 
also observed that the injury risks were very compa-
rable between the two mannequin sizes (fifth and 
50th percentile Hybrid III), for an identical charge 
and standoff distance (see Figure 4).
Research shows injury risks to deminers can vary depending on 
their body positioning. Here, the authors present the prelimi-
nary results of a study testing the effects of body position on 
deminer injury using mannequins. They hope to refine further their 
methodology and continue to learn information that will benefit the 
demining community. 
Injury
The 50th percentile male and the fifth percentile 
female Hybrid III mannequins were selected to rep-
resent people of two statures found among deminers 
and because such differences impact on the standoff 
distance that deminers can realistically achieve dur-
ing mine clearance. The mannequins were positioned 
in three body orientations with respect to the blast 
cone, defined by the angle between the vertical and 
a straight line joining the nose and the mine. The 
three angles (), denoted A1, A2 and A3, were 35, 
27.5 and 20 degrees, respectively. For each manne-
quin, three realistic nose-to-mine standoff distances 
were tested (50, 60, and 70 centimetres for the fifth 
percentile; 60, 70 and 80 centimetres6 for the 50th 
percentile). The standoff distances were shorter for 
the fifth percentile to account for the shorter reach 
of smaller individuals. Each scenario was repeated at 
least three times to determine the extent of the stan-
dard deviation of the results.
Dry, coarse sand was placed without compaction 
in a sandbox (a cube measuring 600 millimetres [24 
inches] on each side, large enough to mitigate the 
effect of shock reflections) built into the test plat-
form. Given that soil moisture is an important vari-
able in a blast event, the sand was dried to less than 
1-percent moisture content prior to shipment and kept 
under cover until immediately before the trial setup. 
Following each trial, fractured sand7 was removed and 
replaced with fresh sand.
The explosive charges used (50 and 100 grams, 
±1 percent) were prepared by packing C4 plastic 
explosive into standard containers. Each charge was 
pre-armed with an RP87 detonator, boosted with 2 
grams of Detasheet® and buried at “ground zero” (in 
the centre of the sandbox), with 20 millimetres (0.8 
inches) of soil overburden. Detonation was initiated 
from the bottom centre of the charge.
Lightweight and thin body-conforming armour 
was designed to protect the rubber neck and skin of 
the mannequin from ejected sand. This “protection” 
(668 grams and 992 grams for the fifth and 50th per-
centile mannequins respectively) did not significantly 
alter the mass distribution or the nominal profile ex-
posed to the blast.
Each mannequin was instrumented with acceler-
ometer triads mounted in the centre of gravity of the 
head (Endevco 7270A) and in the spine (Endevco 
7264B), a load cell (Denton 1716A) for the upper 
neck forces and moments, as well as two ”flat pack” 
pressure transducers (Kulite LQ-125) near the ear lo-
cation. The sampling frequency for all channels was 1 
MHz, which was sufficiently high to capture the full 
frequency spectrum of the acceleration, force and pres-
sure signals. The head acceleration signals, along with 
the neck force and moment signals, were digitally fil-
tered (low-pass) using a four-pole Butterworth digital 
filter with cutoff frequency of 1650 Hz, while a 300-
Hz cutoff frequency was used for spine acceleration, in 
accordance with known standards used in the automo-
tive industry (Society of Automotive Engineers J2118). 
Finally, the pressure signals were digitally filtered using 
a two-pole Butterworth digital filter (low-pass) with a 
10-kHz cutoff to remove spurious noise.
Figure 1: Probabilities of neck injury levels versus body 
orientation, fifth-percentile mannequin, 100 g c4, 
60-cm standoff. 
Figure 2: Probabilities of neck injury levels versus 
standoff distance, 50th-percentile mannequin, 100 g 
c4, orientation A3.
Figure 3: Probabilities of neck injury levels versus 
charge size, 50th-percentile mannequin, 70-cm stand-
off, orientation A2. 
Figure 4: Probabilities of neck injury levels versus man-
nequin size, 100 g c4, orientation A2, 70-cm standoff. 
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transducers located in the mannequins, injury assessments 
were made using the latest injury criteria used in the fields 
of automobile accidents and blast scenarios.
It was found that changes in body orientation with re-
spect to the blast cone had an effect in the harshest test 
conditions (short standoff and/or large charge) on neck 
and head injuries only. Injuries to the neck, ear and head 
were affected slightly by the standoff distance and charge 
mass used, but again, this effect was only evident in the 
harshest test conditions. When comparing between the 
two mannequin sizes, it was found that for the same blast, 
head injuries were more severe for the 50th-percentile 
mannequin, whereas ear injuries were more severe for the 
fifth percentile mannequin. Lastly, chest injuries result-
ing from spine accelerations were found to be unlikely in 
this study.
See “References and Endnotes,” page  108 
Body orientation also had an effect on predicted 
head concussive injury severity, as illustrated in the 
sample graph of Figure 5, which shows the injury se-
verity predictions for the 50th percentile mannequins 
against the 100-g charge for a 70-cm standoff dis-
tance. Again, position A3 would result in the great-
est risks. Standoff distance and charge size were also 
found to have a strong influence on the injury sever-
ity, as illustrated in Figures 6 and 7. Finally, the inju-
ries predicted for the 50th percentile male mannequin 
were more severe than those of the fifth percentile 
female mannequin (see Figure 8); this observation 
was made for all body orientations. This difference 
between the two surrogates became more evident 
against large charges.
Body orientation had no effect on peak overpres-
sures measured at the location of the ears. This can 
be seen in Figures 13 and 14, which present the peak 
ear overpressure measured on both ears of the fifth 
and 50th percentile mannequins, respectively, when 
facing the 100-g charge blast with a 70-cm stand-
off distance. Another observation was that increas-
ing or decreasing the standoff distance did not have 
an evident effect on peak ear overpressure, whereas 
increasing the charge size had the effect of strongly 
increasing ear overpressure. Moreover, ear pressures 
on the fifth percentile were higher than on the 50th 
percentile (comparing Figure 9 to Figure 10), likely 
due to slight differences in head position/dimension 
between the two mannequins.
Finally, no chest injuries were predicted based 
on spine acceleration measurements for the condi-
tions tested.
Conclusions
A test series was conducted using Hybrid III man-
nequins to assess the effects of AP mine detonations 
against the upper body of a deminer who is positioned 
at various standoff distances from the mine and who 
is oriented in different positions relative to the blast 
cone produced by the detonation of the charge. Two 
Hybrid III anthropomorphic mannequins of differ-
ent sizes were accurately positioned using a specially 
built test platform/positioning rig to face blasts from 
simulated mines made of C4 explosive. Based on 
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Figure 5: Probabilities of concussive injury levels ver-
sus body orientation, 50th-percentile mannequin, 100 g 
c4, 70-cm standoff. 
Figure 6: Probabilities of concussive injury levels ver-
sus standoff distance, fifth-percentile mannequin, 100 
g c4, orientation A2. 
Figure 7: Probabilities of concussive injury levels versus 
charge size, fifth-percentile mannequin, 60-cm stand-
off, orientation A2.
Figure 8: Probabilities of neck injury levels versus man-
nequin size, 100 g c4, orientation A2, 70-cm standoff. 
Figure 9: Peak ear overpressure versus body 
orientation, fifth-percentile female mannequin 
(100g c4 at 70 cm). The dotted lines indicate the 
0.35 bar and 1 bar thresholds. 
Figure 10: Peak ear overpressure versus body 
orientation, 50th-percentile male mannequin 
(100 g c4 at 70 cm). The dotted lines indicate 
the 0.35 bar and 1 bar thresholds. 
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errata
The editorial staff of the Journal goes to great effort to make sure that what is printed in our magazine is accurate, properly documented and unbiased. However, in Issue 9.1 there were two errors for which we feel we must 
apologize. In the staff-written profile of Afghanistan (pages 66-67), our writer misinterpreted something that was written in an earlier article by Patrick Fruchet (http://maic.jmu.edu/journal/8.1/features/fruchet/fruchet.
htm) and we alluded to a conflict, which apparently does not exist. Mr. Fruchet wrote to us to clarify, saying, “Our deminers are NOT in ‘conflict’ with ISAF…” We humbly apologize for this accidental error, and thank Mr. 
Fruchet for calling it to our attention. We mistakenly attributed the article, “Mine Action in Yemen An Example of Success” (pages 10-11, 17), to Mansour Al Azi. It was actually written by Faiz Mohammad, UNDP Mine 
Action Specialist for the Yemen Mine Action Programme. We apologize to Faiz Mohammad for this error and thank him for letting us know about it.
If you find errors in the Journal of Mine Action or disagree with anything we have published, please send your comments in a “Letter to the Editor” via email to Lois Carter Fay at editormaic@gmail.com.
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